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QUARTERLY REPORT ON

Research in Electrohydrodynamics and
Wave-Type Magnetochydrodynamic A-C Power Generation

NASA Grant No. NsG-368

This report summarizes research activities during the period
1 February, 1964 to 30 &pril, 1964 on NASA Research Grant NsG-368.
As was done in the Semi-Annual Report dated 31 January, 1964, the
work is divided into four main parts:

1. Traveling-wave MED A-C power generation;

A% ]

. Alternating-current MHD conduction generators;

W

. Continuum feedback contrcl of EHD and MID systems;
4, Basic investigations of EiD surface interactioms.

The status of each project is as follows:

1. Traveling-Wave MHR A~C Power Genmeration

Parsounel: H. H. Woodson, Professor
H. A, Haus, Professor
A. T. Lewis, Instructor {Ford Post-Doctoral Fellow)
G. L. Wilson, Tesaching Assistant (Ph.D. Candidate)
¥. M. Lind, Teaching Assistant (S.M. Canlidate)
F. H. Chasen, 5.B., Thesis Student

in the theoretical part of this study the one-dimensional,
small-siguaal, linear, partial differential equations, including
ctrical losses in the plasma end tight coupling between circuit

r

e
and plagma, have beesn written. rom theses eguations, a sixzth-order

dispersion relation with complex ccefficlents has Leen obtaimed. A
coupeler progran for extracting the voots of the dispersion wz2lation
has bean obtained. Computer results have baen chocked by wawmual
calcualations to verify that the program yizlds the correct yoois.

; e 2 o m . ; e T S ey - I S i,
The reootg of the dispersion relaiiocn are now being caleulaied fox
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able ranges of system pavametarg. The boundary cconditicms have
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The immediate plans are to continue with the process of
determining the minimum size for a machine that will yield a useful
power gain for each value of plasma parameters (magnetic Reynolds
number) and each vaiue of the coefficient of coupling.

In the Semi-Annual Report dated 31 January, 1964 it was
reported that disturbances had been excited and deiacted and that
the characteristics of those disturbances were consistent with the
theoretically-expected behavior of magnatcacoustic waves. Further
experimental investigation in the form cf measurvement of the
perturbation wmagnetic field associated with the disturbance and
measurement of the propagation velocity as a function of applied
magnetic field indicated that the disturbances wers accustic. The
fact that the velocities of the disturbauces were considerably
higher than the acoustic velccity indicates that the disturbances
ware actually acoustic shocl: waves. TFurther detailed studies of

plasma properiies verified this result.

The experiment is beinyg wmodified {n an attempt to establish
an operating regime in whiich magnetlracoustic waves can be excited.

The first step in this procedure is to use spectroscopic techniques
and different construction materials o minimize contamination in
the expariment. The primary cbjective is to produce a plasma
whose compesition is kanewn. In connecticn with this work, mombers
of cur research group have had discussions with Messrs., William

Grossoai. and Roger Stewart of NASA Langley Research Center who have

-

M - T, .t . $end % £ oo £ - kS s e
b22n working with similar systems. /L1 exchange of visits between
e 2 1 32 h] e = - = ) . o
ur greoups is plaana2C io coxler to offect a better lmterchaunze of

1 o

<anowledge on provlems of waiual interest.
After the contamivation of the »lasma ic ninimized, the plan

-8 to procee’ wiih eucltetiocn and detzotiza of zapuwzioacoustic

¥
,,:
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watres wsing a dlstoibuted, magnetizs-leld zueiiation anl detesction
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circuit that will couple with magnetcacoustic reconances in the
experimental system. In this modification the plasma properties,
magnetic field strength, apparatus size, and operating frequency are
mich the same &s those reported by Lindberg and Danielson.* Conse-
guently, we expect to be able to study magnetoacoustic waves as

they did except that cur plasma will have a flow velocity in the

direction of wave propagation, leading to the possibility s5f an

amplifying interaction.
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2. Alternating Current MHD Conduction Generators

Persommel: H. H. Woodson, Professor
G. L. Wilson, Teaching Assistant (Ph.D. Candidate)
H. Arndt, Research Assigtant (5.¥. Candidate)
. Euerle, S.B. Thesis Student
. Ravin, S.B. Thesis Student

Fac

et

i

Theoretical work in this area has proceeded along two lines.
First, the crosswconpled generators, which were described in the
two-phase version,* are being studied in a gemeresl n-phase con-
figuration. The cobject is to determine the factors which limit
performance and thereby establish which number of phases yields
the best performance with minimum field-conductor mass.

The second line of theoretical study has bezn directed toward
determining the most advantageous use of the Hall-effect assymmetry
in providing the gyrator action neczssary for direct MID a-c power
generation without the necaessity of tuning capacitors. Two wmajor
vasults have been obtained. First, if the working gas of the MID
generator is used to provide the Hall effect for gyrator action,
the higheat frequency of operation is obtained when a segmented-
electrode generator is coupled conductively to a Hall generator
section which is loaded with an inductor. Such a generator, which

can operate at a higher freguency than can the cross-ccupled,

o

transverse-current generator, has been describad in an Internal
% -~ o - o . -~
Memoraudum. Second, if one conziders a device, separate Ifiom

-

i
cne MR Zanerator, in which the [lall effect is used to supply

toodson, H.H., with ¥ Conduction Machines,”
E.L.E. 0.P.R. Fe. 5. 93, M.I.T.
A

Leande, H., "A-C 1o = Coupled Condaction and Hall
Semzsrator Seetions,” M.I.T., Dept. of Zlec. Eng., Energy Couversion
Group, Internal Memo. No. 91, lareh 12, 1264,
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reactive power, then considerably more freedom is allowed in choosing
*
parameters. An analysis of such a device has been made and it has

been shown that the performance ic limited only by the mobility of

the current-caryryi

— = -

wigh mobilities can b‘
obtained with a low pressure plaswa n:d with certain 5°micon&uctors.
This concept is being studiad further with 2z view toward designing
an experimental model for studying the performance characteristics.
The material described above wilil zoon be prepared for pre-
sentation in a technical journal. Alsc, this material has been
supplied to the M.I.T. Patent Office cud

patent applications will be filed.

s
83

is countemplated that

The recent work on the conducticr geznerator experimant has
been directed toward obtaining the lcmger test time that is needed
for a-c generator experiments. The first step in this process has
been to replace the LC channel excitation circuit with an artificial
transnission line to make the driving current more nearly constant
for the duration of the experiment. This modification has bezen
succesciully completed with a resulting increase of approximatsly
a factor of two in the test time. It kas alsc bzen found that
Speration of the experiment in thls wmammer can significantly raduce
th2 contamination for soma conditious of operatica. The euneriment
is being recalibrated to determinz the plasma nroperties obtainable
in ovder to determine whather or anct it Iz possible to perfora

e

generator experinents. When Chie is compliez

et

ed, generator euperi-

ments will be perfowmed or furiboer wmodiliications will be made.

- - o s, I P %]
ARG, | - T3 ¥ 1A% CIVE Fovwar

A
coodson, L.E., A Hall- 2T,
sl ., Depk. of Elac. Tutrnal temo.
T . a3 T .y T g T 0
Mo, 90, February 12
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3. Continuum Feedback Control of EHD and MHD Systems

Persocimel: J. R. Melcher, Assistant Professor
M. V. Nannetti, Pan-American Fellow (S.M. Candidate)
J. M. Crowley, A.E.C. Fellow (FPh.D. Candidate)
Our program for the development of concepts and techniques
concerned with the control of continuum electromechanical systems
is about to achieve its first objective. Ve have endeavored tc begin
with experimentally realizeble systems that are as simpie as possible,
with the inteat of developing mathematical descriptions cf simple
systems, and at the same time, cxperimentally showing that the
theoretically predicted behavior can, in fazct, be realized. As our
first objective, we have undertaken the stabllization of a one-
dimensional, elastic continuum coupled to an electric field. This
system is described in reference 1. Tha actual sxperiment comnsists
of an elastic wire fixed at the ends and stressed by a transverse
electric field. The theory of this system is developed in raference 1,
which will be submitted for publication in the near future. In the
past few weeks, an experiment has been tested which demonstrates
tiae theoretical description of feedback stabilization for a two-
station system. Ve havae succeeded in producing elactric pressures
with feedback which are better than four times those possible without
feedback. Theoretically, the improvemert {Zor a two-station system)
should never be greater tham about 5.5. Ve have leainsl several
]

< £en L IO 7. . - - . ) .
important lessons from doimg this experiment. AlLl types cf over-~

- v T e 4 2 «aF Ty T M T - -,
system are viviually without phase shifi, the extremely smzll phase
LI 2 o Te e o e DML it T sageam mery e T 100 7 - e
salft is enmovsi to produce overstabil ity In cur very Ligh "Q' elactro-

wrchanical systerm with locp gaims far Lelcow oh

- RN

i
sirnificantly ctabllize the electric-Slell~induced, static irvatability.
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Hence, in order to achieve essentially the postulated positional feed-
back, it has been found necessary to compensate the feedback loops
with "lead" networks. It is hoped that in the aext few weeks
quantitative correlation of this experiment with the theory will be
completed and presented in the form of a journal article.

With the completion of this stage of theoretical and experimental
work, we are returning to the more complicated problem cf stabilizing
a Rayleigh-Taylor type fluid instability. Our present equipment and
techniques will be applied to an experiment very much as described
in the Cemi-Annual Report of 31 January, 1964. Rasults of this more
complicated experiment have been reported previously, and we feel
that we are now in a position to further develop both the theory
and the experiment. The theoretical worlk is presently under way,
and includes a description of the EHD system and the similar MHD
system. This problem represents a seccud stage in our theoretical
and experimentel program which we hope to complete late next fall.
£ third stage, involving a surface-coupled, magnetic systax is
presently in the planning stage.

In the Semi-Anunual Report Dated 31 January, 1964, an experiment
involving the control of an elastic plate in an electric field was
described. This project will make wse of the same apparatus as

was used for the previcusly-d
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The project,
which is the basis of a Master's thesis, is inrendad to extend the

tiieoretical technigues which have been doveloped to a situaticon
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now have a good understanding of both our ability to characterize

the physical system and the mechanism for exciting and deiecting the
instabilities. As the basis for a doctoral thesis, work is presently
underway to develop conceptis and techniques necessary to control the
convective instability. We feel that the liquid EHT jet affords as
simple a starting point for this work as is available.
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4. Basic Investigations of EHD Surface Interactions

Personnel: J.

. Melcher, Assistant Professor
Crowley, A.E.C. Fellow (Ph.D. Candidate)
Ketterer, Instructor (Ph.D. Candidate)

Devitt, S.2. Thosis Student
Doty, S.B. Thesis Student
Grant, S.3. Thesis Student

. Lombrozo, S.3. Thesis Student

. .
L] ° *
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Work is continuing in the first two areas mentioned in Section 4
of the Semi-Annual Report of 31 Januavy, 1964, It is intended that a
formal report will be available shortly concerning the basic investi-
gation of single-stream, convective instabilities.

Careful stability measurements are currently underway Ifor the
polarization interaction (EH-Ip) in a mediumm-frequency, electric field.
The results for the one Fluid tested so far support ocur suspicion that
the theory for the polarization interaction with a d-c¢ field can be
extended to the medium-frequency, a-c intsraction simply by substituting
the tms value of the electric field for the d-c value. In comnaction
with this experimental work, a complete numerical description of the
conditions for impending imstability is being develepad for each of
¢he flunids under test. The type I {perpendicular field) tests will
be completed within the next fev weeks in comjunction with a S.B.
thesie. During the summer, a simpls vresonator apparatus will be
constructed so that thls work may be sxtended to type II inter-
actions (parallel fizlds). ¥e feel thai these results will be a
significart adjunct to work which is currently being carvried on
elgevhers in counection with heat traunsfer im slectric {ie

e
1ds, and

be presented for publication late uext
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